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The nucleolus is the site of ribosomal RNA transcription and assembly of 
ribosomal subunits. This subnuclear compartment forms around an array of 
repeated rDNA genes. In model organism fission yeast, Schizosaccharomyces 
pombe, 100–200 rDNA gene copies are located on both left and right ends of 
chromosome III. The integrity of rDNA is critical for cell growth and survival. As 
such a large and repetitive locus, it’s thought to be unstable as recombination 
events may cause shortened rDNA arrays. However, cells have evolved 
mechanisms to maintain the stability and integrity of rDNA, which might be through 
inhibiting homologous recombination and repressing transcription from foreign 
promoters.  
In this study, we have employed the genetic approaches and tools to investigate 
the potential functions of condensins and nucleolar proteins in gene silencing at 
rDNA region in fission yeast. Our results showed that besides its functions in 
chromosome condensation and segregation, condensin, a five subunits protein 
complex, is essential for rDNA silencing but is not involved in the centromere 
silencing. Consistently, factors required for condensin accumulation at the rDNA in 
mitotic metaphase are also involved in rDNA silencing. We also found that 
nucleolar protein Dnt1, Rrn5 and Nuc1 are involved in gene silencing at rDNA 
region, likely through regulating condensin’s localization in nucleolus. Contrary to 
our expectation, disruption of nucleolar structure by mutations in nuc1+ and rrn5+ 
does not lead to the enhancement of centromeric silencing, although these 
mutants have enhanced enrichment of condensin at centromeres. Budding yeast 
nucleolar proteins Csm1 and Lrs4 have been identified as factors influencing rDNA 
silencing, our genetic analysis showed that homologs of these two proteins in 
fission yeast (called Pcs1 and Mde4 respectively) do not have conserved functions 
in rDNA silencing. Our genetic analysis also suggested that condensin may fulfill 
its function in rDNA silencing through collaboration with RNAi machinery in fission 
yeast. 
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在调控裂殖酵母 rDNA 基因沉默中的潜在功能。我们的结果显示，含有 5 个亚单位
的集缩素复合体除了其在染色体集缩和分离过程中发挥作用外，对于 rDNA
区的基因沉默也是必要的，尽管它并不参与着丝粒区的基因沉默。与这一结果相一
致，影响集缩素在有丝分裂中期富集在 rDNA 区的蛋白因子也参与 rDNA 区的基
因沉默。我们还发现，一些核仁蛋白，如 Dnt1, Rrn5 和 Nuc1 也参与 rDNA 区的基因
沉默的调控，有可能是通过调控集缩素在核仁中的定位来实现的。与我们的预
期相反，由于 nuc1+ 和 rrn5+两个基因的突变造成的核仁结构的破坏尽管可以引起
集缩素离开核仁而在着丝粒区富集，但却并不能引起着丝粒区的基因沉默的加
强。已有的研究发现，芽殖酵母的两个核仁蛋白 Csm1 和 Lrs4 影响 rDNA 区的基因
沉默，但是我们的遗传学分析发现，Csm1 和 Lrs4 在裂殖酵母中的两个同源蛋白(分
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Introduction and literature review 
 
1.1  Fission yeast 
     Fission yeast Schizosaccharomyces pombe provides an excellent model 
organism for the dissection of molecular events involved in chromosome structure 
and function due to its genetic tractability and comparatively small genome size. S. 
pombe has 4,979 protein-coding genes contained within 13.8Mb. The genome is 
divided between three chromosomes: chromosome I is 5.7 Mb, chromosome II is 
4.6 Mb and chromosome III is 3.5 Mb (Wood et al. 2002). S. pombe is an 
unicellular archiascomycete fungus which shares many biological characteristics 
with more complex eukaryotes. For this reason, it has been used with great 
success to study several cellular processes including cell cycle control and DNA 
repair and recombination, as well RNAi-mediated heterochromatin formation and 
chromosome segregation (Egel 2004).  
 
1.2  Condensin, a chromosome condensation protein complex 
     Mitotic chromosome structure and stability are determined by the chromosomal 
condensin complex. Condensins are large protein complex that play a central role 
in chromosomes assembly and segregation in eukaryotic cells. Condensin is one 
of three essential SMC (structural maintenance of chromosomes) subunit-
containing protein complexes that exist in all eukaryotes and share important roles 
in chromosome biology (Nasmyth and Haering 2005; Hirano 2006). The other 
SMC complexes are cohesin, required for sister chromatid cohesion and DNA 
repair by homologous recombination, and the Smc5/Smc6 complex, with a less 
well understood role in preventing DNA damage and facilitating DNA repair. 
Condensin’s most apparent role relates to mitotic chromosome architecture and to 
sister chromatid resolution during anaphase (Hirano and Mitchison 1994; Saka et 
al., 1994; Strunnikov et al. 1995; Bhat et al. 1996; Hudson et al., 2003; Ono et al. 
2003). In addition, condensin fulfills important roles during interphase. These 
include transcriptional silencing at the budding yeast mating type and the 
Drosophila Fab-7 loci, as well as DNA replication checkpoint signaling in fission 
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condensin binds to interphase and mitotic chromosomes to carry out these 
functions are poorly understood. 
Condensin is built on a dimer of Smc2 and Smc4, two long coiled-coil proteins 
that interact with each other at both ends. On one side lies a dimerization interface 
known as the hinge, and on the other end lies interacting ATPase head domains. 
Studies using recombinant human condensin subunits have shown that the kleisin 
subunit CAP-H (Brn1 in budding yeast) directly binds the Smc head domains (Onn 
et al. 2007). The kleisin subunit in turn recruits the remaining two HEAT repeat-
containing non-Smc subunits, CAP-D2 and CAP-G (Ycs4 and Ycg1 in budding 
yeast), to the complex. Human cells contain two isoforms of the complex, 
condensin I and condensin II, that share the Smc2 and Smc4 subunits but contain 
a distinct set of non-SMC regulatory subunits (Ono et al. 2003, 2004; Hirota et al. 
2004). While condensin II is nuclear throughout the cell cycle, condensin I is 
excluded from the interphase nucleus and associates with chromosomes only in 
mitosis. Detailed biochemical characterization of the vertebrate condensin I 
complex has shown that it binds to DNA in vitro by wrapping ∼190 bp of DNA in an 
ATP hydrolysis-dependent reaction (Bazett Jones et al. 2002). The resulting 
supercoiling activity of condensin is stimulated by mitotic phosphorylation of its 
CAP-D2 subunit, thus correlating this activity to mitotic chromosome condensation 
(Kimura et al., 1998).  
The structure and function of condensin I are conserved from yeast to humans, 
but yeast has no condensin II. In the nematode, condensin II appears to play a 
major role in chromosome assembly and segregation, whereas a condensin I-
related complex participates in chromosome-wide gene regulation, dosage 
compensation. Even in bacterial cells, ancestral forms of condensins regulate the 
organization and segregation of their chromosomes (nucleoids). The interaction of 
condensin with the rDNAs and kinetochores was previously reported in various 
organisms (Freeman et al., 2000; Cabello et al., 2001; Aono et al., 2002; Ballah et 
al., 2002; Hagstrom et al., 2002; Ono et al., 2003, 2004; Jager et al., 2005; 
Oliveira et al., 2005), but the specific enrichment factors of condensin are not well 
known.  
In organisms from yeast to human, condensin is present at a stoichiometry of 
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relationship between condensin’s in vitro activities, and its function on interphase 
and mitotic chromosomes in vivo, is not yet understood.  
 
 
Figure1.1: Color-coded symbols represent proteins of (a) the nematode dosage-compensation 
complex, which reduces X transcription by half, and (b) the frog 13S-condensin complex, which 
condenses mitotic chromosomes in vitro. The SMC proteins DPY-27 and MIX-1 resemble XCAP-
C and XCAP-E, respectively. DPY-26 has limited similarity to XCAP-H and DPY-28 is very 
similar to XCAP-D2. No counterpart to XCAP-G has yet been found in the dosage-compensation 
complex. The 13S-condensin complex has no known counterpart to SDC-2 or SDC-3, which are 
essential for the localization of the dosage-compensation complex to the X chromosome. The 
resemblance of the two complexes, coupled with the finding that MIX-1, DPY-26 and DPY-28 also 
play important roles in nematode chromosome segregation (MIX-1 in mitosis and the latter two in 
meiosis), suggests that the evolutionarily conserved chromosome-segregation machinery was 
recruited to the new role of regulating X- chromosome expression. The similarity of the complexes 
suggests that dosage compensation and mitotic chromosome condensation might use related 
mechanisms. (Taken from Barbara J. Meyer, 2000) 
 
1.3  Fission Yeast Condensin  
 
1.3.1  Overview of fission yeast condensin complex  
     Fission yeast condensin complex is composed of five subunits: two SMC 
proteins Cut14/SMC2 and Cut3/SMC4, three non-SMC proteins Cnd1/ CAP-D2, 
Cnd2/ CAP-H, and Cnd3/CAP-G. Disruption of these three non-SMC genes 
revealed that they are essential for viability and defects in mitotic chromosome 
condensation, indistinguishable from that of cut3 and cut14 mutants. Fission yeast 
condensin subunits are shuttled between the cytoplasm and the nucleus during 
the cell cycle. This shift in localization requires the T19 Cdc2 site in the Cut3 
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